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(54) LIGHT EMITTING ELEMENT DRIVE CIRCUIT 

PROBLEM^O BE SOLVED: To provide a light emitting 
element drive circuit for optical communication that can 
cope with a low power supply voltage and realize stable 
high- speed modulation. 

SOLUTION: The light emitting element drive circuit of 
this invention consists of a current source 1 that 
generates a constant current to drive a light emitting 
element 2, a current switch 3 that switches part of a 
path of the current flowing through the current source 1 
to a path including the light emitting element 1 or a path 
not including the light emitting element 1 according to a 
data signal DATA, a capacitor 4 that is charged by 
reception of a power supply voltage VDD to boost the 
cower supply voltage VDD, and a booster switch 5 that 
switches part of the path for the current flowing through 
the current source to a path for charging the capacitor 4 
or a path through which the power supply voltage 
boosted by the capacitor 4 is supplied to the light 
emitting element 4. 
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flg-?, MB3>x>-9-^2^?43 < fctfBflE«^^ 

fro, tuffix- * {§ WrolBfgfti^^fttf^ -r s 
HaofctKitt. tulH^l43J:t5^2^-y^^D 

nr. mia^«^fr#E£ftftitigmE£<fc K>MW}-£ 

fro. tufB-r-^M^A«%^?^^^^^^^ 
BulB=iy-r ? >'9'4oi;t5HugB^7 , 6ll? 

[W5R« 6 ] ft*« 4 g fctt 5 SMtOJBfeJR^BMllSiS 

£Lxm^nzM&^rcc£zm®£-rzftxm=? 

i [ff ^ 7 ] fit** 4 ~ 6 O^ftlfr 1 OfcsBSOSSft 

KlffilWWeW, hSIBx-**!^^ Lfc * a -y 5 m 

M1B3 yr^C £ o T#E^ nfc«^mE*s?^ LT 

^o, tuIB^a-y^{i^S-c5<m^*W2 0cD^S 
0^0-SC^KIi> 1513^ 143 itf^ 2X^f -y f- 

40 WIB3yr^©»i*f» BulB=iy7 i >"9-©^2^ 

43 ^ tftuH3m^^M^^n?»€^s&* s ffM2 nx , 

iulB^;MI^*H:;l^©^ 5 y^tii^S 0 » 
fro, h50B^ a -y ^ fl^^ffi^' < M^ffrW 2 o^^a 
0D 3 % <om<0 £ZKl*. buIB^ 1 43 £ tf^ 2 X -f -y ^ 

fjfga yfv^OS 2 mflBn ^fvtOS 1 

HuHB-b^^fr-t^rt®^-^ ^ y SfiS^fHarcifc *5 . 
50 fro. BufBx-^fi^frt5IBfl^?^^^«^^^ * 
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[0 0 0 1] 

ftiil?*ESrr5@&fclSb. ^ fi«E*»ORaB 
[0 0 0 2] 

[0003] 02 2t±, 0>Rfct aayaimfflo58)t* 

flt^-y^tf, m««ffVDD©9ilin*nSJS?i:S 
T Afc.fctfRf£2SM7*-*m*tX D A T ACfoTlD 

So 

[0 0 0 4] fcC5T\ £g©tg*B - ilfs M®« 

[0 0 0 5] WMMi±<D^S.m7^tl^^(0^m7- 
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i/x^A^^J^bfcflM^^i^S^^^ 5 - 

[000 6] 

s^Mffl^^^ra^^^ tttx^L Efts* 

[0007] -r&t>^ ig&y^ffiofsft^ffi®® 
3tn? 2 fciRts-rsfcfttcasai 1 e»n. 

^mgftjgii-fflv^T^) i 6^?2^it^p-rsi. 
-am 1 ammm^mmi- 2 ©^a^i-jscr^ 

IC&So 

[0 0 0 8] *^tt±£©J&K*BbT&*ftfcfe© 
[0 0 0 9] 

^^^v^cm^essov^n^^^o^xs^ 1 x^- 
^^jSbfcs&jp^^^^T, luigffi^^^nsii 

[0 0 10] ^SffifiKtftt. -r-^M^feitfSUWfe 
Tig 1 X^ -y X Xf® 2 *m&*tl 

znmif? s c .j; o > ^^^offiBi^ (8ft* 
50 zmm&* &9m?<omimK®m<&fiM* 



(4) 

5 

coon] zr^ m<om%i?mimwc> 
mmmtt^ft-mz, m i m-^^mzm-^Mt 

ZziyryVZ^ fulfil 2 X^-v^gPti, busB^H 

fc, tulBny-ry^^l^^^T'fi^^^-r 10 
[0 0 12] frfr3«tfi5c^ 

*) SiS3E*^ESnTB3^?£&£2 n§ £ 5 Kit 

[°ooi3] ±E©8^?®»EB©iM*Wfc«i*fc 

0 buIBx-^^^buE^^ 1 ?^^^®^^^™ 

xKifFic ioT, HufB€^«ffi^WiiD^ nfcBuHBn 
y^-com 1 «S?. buIB^i 2 ig?*5<fc tf bub2 

^ -y 3-^(DW *)Wx.mftte ioT> H5IB«i®«ff © Eflta 
$nfclulB3 >fy*©« 2 flg?. MIB3 y-fywm 
lig?, tafB^^fc^^lBm^^Hit-^n?.* 

[0 0 14] frfrS^JW^ 

[0015] m^<Dm.ftm^mmm®<D\mmw<tm 

^-TUS© 1 li. lufB^ l £ tf m 2 x^ -y *sp<z> 
a yfy^oi 1 2 4SS?*5«fc 

t>m«^^M^^n?» fi^sss^ffM^ nr. mi 
r^f^oftStffTfctu iiuHa^m^fr-^F^* 
^^y^^-riiS^SD. fro, MiBx-^ft^friu 
iBS^^fcf^^fc^t&SOfc*^ MiBH l 

yf^Ofl^ t5| a ^E?*3<ttfMIB«Sii!i^ 
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[0 0 16] MPSJSfdm*. x-^ft^t-^^T^l 

x^yxa^wiikD, ^m^u^tmz^y 

[0 0 1 7] ±HB<D^«?raiHl^t-^^T 

$ fro. mm'f-^m^mmm^mm^ 

9]^§x®)^ti:cfc^T. ffi|B3y-ry9-*3«fea : tugBfl7t 

[0018] frfraHiWi, *.m<nt"t^y?-eft 

[0 0 19] 2^ ±s^5tft«?s«^ i: ^ T 
li fulBx-^m^-^ISoS^^eH^^^ busB^t'c 

SrfcfcHBPfcfiliU Mx-^^tHSP^ai^^MgB-b^ 

[0020] frfra«ja-cii. x-^^m^-fe^. 

) [0021] jbn^r, Buieofl^?^«)0^ tco ^ 
lulB»€^ BulBx-^^^^^fc^ p ^ 
^€^f;:g^<m^fc<fctfMfB-fe;WI^"e&^ hu 5513 

)tm?ic0]j!)n-ra®^*#^^ tulB-t^^^-fe^^ 
(D^^^yf^tmm.^h'O, tyiB^n^y^'fS 
%K:S^5 < #*§*fiST 2 oco^gcD 5 ^£D-*© t # 

,t MiBMMmffcentn^n/cififBnyxy^^i 

s-ea&t), fro, HSE*ny*m^£*^<^tf*y*" 
zociio^wflwo^^^^ lulB^ifc^^ 
2 -y ^gP©^ »3 i ^ f » fluEMSSItffi© 

OTn£ n/cluIBn yfyf©^ 2 Jg? , MfBn >r'yf 

T-feD fro. tulBx-^^frMIB^^^^fg^ 
i&tc-T %^a© i: t tc li, MSB^ 1 *3 <fc tf ^ 2 x^f -y f- 
50 ^OWV^Z-mftK&it^ I5IBS» husB^*? 
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[0022] frfrzmi&'&t* tMo^^^fe 

VX. ^a-y^i^I^<if (^a-yMa^^i 

nfc «ff tf^ftiff (cmijn^n^i^t-^So 
[oo2 3] xfc ±mLTc^m^mmmm^D^x io 
it, mmm 2 x>r y*m,zmzitwB&*zxfaE&. 

ns. <D>mtf-mm^%\-£Kz> £ ? ^mz® 2 x-y ? 

[0 0 2 4] frfrS*J»-Ctt, STO8SfeJ:tf#ffg» 
cogjDtf *.©^^ *M«ff#ffSP*^>3 _ ^ l^fctt® 

x-r yttwmft&^-tryx&M'Z* 1 * x ? lzrs %° 

[0 0 2 5] 

[0 0 2 6] 0 Hi, *fgWmJ:S^3t^Bl!lliI»© 

mm^m^mmt, wm 1 > 2 . x>r 30 

Onyfyt 4 *i.fc tfSS 2 X-T >y LKDiff X-f 
[0 0 2 7] tiu ^f2 08iS«t*^ 

2O<0nf t^;ViM0 S F E T^l^fc 1 W 

3 ©ig? 3 a fcSBRSnSo ««t« 1 ©UttW* 4i 

Uyh57-@K"e», 0{^Lrcd:9tMOS FET 
©«KflBCfSFtS«Cgd, CdsflmrSfc* : ft*^ 

[0 0 2 8] «3ttR?2tt, W*.fcf¥*#U-* Cb- 
VM*- F\ WTLDfifS) ^fflV^tl, LD© 
*y-K4S?3b^S5x-f *y^3©4S?3 btcg^sn 
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-F (LED) f^)tlf2i:LTffl^Ttj;t\ 
[0 0 2 9] SStX^-y^3&, Wfcigi 
?3at «jaR?2C»«-r5«%ffliOiliHf 3 b*5<fc 

ffitm*. f-i'l^D A T A SfcliSKr-^if X 
DATA£fi£oT$JD#*.3fc©"efcS» 
[0 0 3 0] uyfy^A ti, — #©«?S?4 a (^liS 
?) ^^?2<D7/-hW43J:i;#ffX-l'-yf-5 
<0«f5cK»«2n. WOi?4b (S2 4g?) 
S^X^>y^3©S?3 c^tf#EX^7f5«? 

D D £#ff T Sfc«)©^fft^>l & n^>o 

[0031] nffx^ -y ^ 5 a, mmnrn v d d# awn 

£ns*t!?5ai:. n Vxv+M ©4S? 4 bfcgSBefS 
JXmPJ©^?5 b&itf^yf^+M©^^ atcjg^ 

T. ■KmSMffftK.fcD ^cDWfffil^Jx^l V£&2? 
^m^D A TAtS(tUc^«ftt^Pf^o 

[0 0 3 2] ±£©± 3ftS*«J«*^*«3iafFB 
Kl@S&T'{±. ftg&fr 5>©*i!fi*ff V D Dtf#ffX-T -y f- 

[0 0 3 3] UttWKlfi, 0 3£D^-rAf-^-b^t- 
S-f, »3Bl6?2*tB3teK« (LD_0FF) 

^itK-DX, mm.^y^3Km^n^o mm 

m^S c fcf-?I^D ATA tHSED-^l/tft 
,T, #ffX-<-y^5lc£P,ft3o 
[0 0 3 4] SStX^-yf-3Tti, a-l/^;b©r-^ 

m^D a t az&iix. mmm 1 t««frsss?3 

#ffX-f>yf-5T1i> n-b^;UO$iJ©^S c^^it 

T SiBSff V D D ©WlniS ttfcig? 5 a ^mfillOffl 
■r«k^tc. #ffX^-y^5, /-FN 2, 

4 % /—FN i x mm** v * 3 > i ©»--s 
a3©*a^-r*5^ /-fni (3>fvf 

4 ©Jg?4b) (DM{uV(Nl)«0 V (gtmU^) i: 
^ ^, ^ /-FN 2 (3yfy)-4<DS?4a) (DlfiV 
50 (N2)k «^«ffVDDi:*?,o Sfc, 0 3©TS^7K 
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[oo3 5] ^lt. mm*2*mtm& (ld_o 

N) fc-rSfcSfctt. f^lfDATA^itfWI 
§Sc tf^-ti^twY U'W £ ft D . 185^7% v f - 3 

■y^5 5 a tfiwmoflss? 5 b tcg^n 10 

S„ «mfc:<fc!K HlO^B^W^^*^^ #J±* 
^•y^5, /—FN K 3Vf>t4, /-FN 2, II 
2 , y * 3 , 1 ©Ng£-£©W»t 

tfSSttiSJ:?^*. tflfct, /-KNlOSffiVOi 
DliSgSffiVDDfcfctK /-FN2©Sfi[V(N2) 
{±s tt««EV D D®±fc3>r 4 OiS^KSff* 
ELfc, «jgmffiVDD©£)2fg©iSvvBF±l^;b£ft 

nr. fM^2^»rs<fc^ft3o ftfc\ 58ft»t 

©/-FN2©SftV(N2)ti, JSaS^ZO^KiD 20 

[0 0 3 6] 2 5t«ilS?Z&ifi»tt« (LD_0 
FF) £<TS T-^IfDATAfeitfW 

[0 0 3 7] iio^fc*!^?^^^* 11 ^ 

t-$mi#d a t a* .ttfsMwm s c izu^xmmx 

mmnz.. nm^ 2 ttrm^i & z -< fr- 
iz ay^yy A\zmm^tm^x%m.m^\ mtMi- 

2 1 Ewm-f § * o k. l ^ c t x\ mmmmt 

? 2 058)e/tH3teRfiBtWt> WK« l tSKti 

t% $*©£ 5 ft^ssfc* i 

M&mznz feJk SBB*? 2 ©££ LfcftaSEPtfRl 

[0038] ±aufcj:34K*ffijaaffiaffl«^ 

So BHtfu 

[0 0 3 9] m4K7sk?%Km?mm®mt. mvm 

tf2OOnft^SM0SFET3 1, 3 2$rffl^T ! 
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ft^HMOS F ET 5 1 , 52?:I^tWJ^ 

ztibfmm -v 3 fc.fctmffX'f 5 ©&®ift 

^ 7*-*{gfDAT AfcRS-r-^M^XDAT At 

ttor^n^tiswtPsnswjfifcLfctoTffes. ft 
mm mm^2^^x}uy-ry^ a\x, ±a 

[0 0 4 0] !I^7^-^3£$§$irS, n***;^ 
M0SFET3 Hi, f-^^DATAA^-hS? 

icaiira* tu f u>f y4S?#fgftft? 2 ©ay- Fig? 
icg^n, y-xtt? 1 ©W**? 1 oicm 

mZtlZo Zfc n^*/VSMOSFET3 2^ S 
gf _ 9 g^ X D AT A^y-h3?tMD?n, HP 

^^?5b^>xy9-4©^ : f 4 btaastu y-^ 

[0 0 4 l]#ff^'vf5Mt^ P ^+*/n? 
MO S F E T 5 Hi. Kf£x-*m^X D A T Atf 

FSSB^aijtasn, «jgmffiVDD^y-x^-9]iP 

Fb-fy^Jb^y^^"^ 40 ^ 4 b*5<fctfn 
ft^ViMO S F E T 3 2©F WyiS^fc&^tl 
So pft^HMOS F ET 5 2J±, 7 s -*® 

^DATA^-hS^tWS^ tt8i«EVDDtf 

v-xiS?fcflUn2*u f w vawnyfv^ 4 © 

[0 0 4 2] ^^TiiM^WiC M?2tbTLD 

l> n yfy^f 4 1 LTimmmmi 1 o o n 

So S/c. m««BEVDDtfl. 8Vt*feoT, x-^ 
, if D A T Al3*ff56f-i'e^X D A T Atf, MS) 
(OLV-CMOSU^tL ow=0V, Hi gh = 

1. 8vx*&zM£i*m%Lr®ttzmm-rz>ziifc-? 

So 

[0 0 4 3] ±|2©<J:9ft%^?i?ilJ0SS^^^. 

V) ©x-^fi^D AT A*^ nf^*;HM0SFE 
T3 lfc'J:tfp^^iMOSFET52<D^-h 
4g?fcArtStt5i:l^$K. (1 - 8 V) © 

Sfex - 9 f./'J XDATA^ nf + MfMOSFE 
0 T3 2feitfpf+^iMOSFET5 1 ©^- h 
S?^X*^nS„ cnCiO, nft^HMOSF 
E T 3 2 fccktf pff^VSM 0 S F E T 5 2 A^n^ 
tl^yi:ft*3, nftMM0SFET3 l*±tfp 
f^^iM0SFET5 lft^tl J E r n*7fcft5o K 
oT. @4©^f^B3T^-r<t^^^ pfir«M0 
SFET52, / — F N 2 , 3Vf^4, /-FN 
1 , n f - ^ ^.;b§JM OSFET32, «^ 1 ©Hit— 

^©tt^^n, Dyr'yy-4©?E«^tf : bnSo 

[0 0 4 4] %^ : P2^f67 , em^i:-rsttli:tt, ^ 
50 ^U^OT-i'l^ D AT A2)\ nft^HMOS 



FET3 ifc£tfp^ + ;M>3!M0SFET5 2©£y 

^XDATAA\ nf+^HMOSFET3 2fe 
itfpf + ^VSMOSFETS KD&y-hiS^KA 
^jtl^o cntCiD, nf + *;HMOSFET3 1 
fcj;tfpft^MOSFET5 1 tf^tVf tl^t 
fctK nft^HMOSFET3 2feJ:tfpf-^ 
S!MOSFET5 2Mnftl*7l:«. B 
4CD^^93^-r<fc?^> pf + «MOS FET 
5 1,y-FNK 3yf^4,;-FN2,^ 10 
^2^ nft^UMO S F ET 3 K MfiiSB 1 ©NBK 
-£©S«ttf Sim* £ o K * 0 , #ME2 ttfc / - F N 2 
(DVSfe V (N2) fgfttil? 2 fc 01 in $ tVt, 2 

[0 0 4 5] lOJ:1 ^ff£ttfcMF£tf. #ffiX^y 
^■5fiDp^*;l/SM0S FET5 2©LfEV>««ffiV 

th( P ) c <fc s c: t fca**£f So -r 

^ y_KN 2 ©«&V(N2)tf#ffi£ftS 
T> p^^M^MOS F ET 5 2<D?-h • 
F^«JE^ L £ v ^ffimJE V th (p) (Dl& *Nfi £ 9 & A £ < & 20 
St. p**iM^MOSFET5 2*M->-r*fca. 
n^x^-9-4ltS^6»nTV^c«^p^-V^SMO 
SFET5 2*»*LT»S«tl5«fc3K:&S« £©fc 
fe x H5©*ai«:^-rJ:5K:, 8ftiH?2 IcBWjdS ns 
#E2ttfc/-FN2<D*ffiV(N2)». VDD (1. 8 
V) + I Vth(p) I fc&D. L*vHI«KVth(p) 
#0 8V©pft^HMOSFET5 2WU 
»ESnfe*ESnfe/-FN2 0«ffiV(IK)tt 
2. 6Vt&S 0 

[0046] 5 tc^ 1 fmimvwmi-mwm 30 

0 S F E T*fflt^T*J«U &MO S F E T©if]{T-£x 
-*M*§D A T AfcitfRex-^M^X DATA £ft 

*8MEVDD*»E*S 8ft 
iff 2 ©«3fc/iH3fcttafcfcfc 5fWR8 1 bT» 

[0 0 4 7] ftfc, ±$Lfc!g l IMfiT?^ WrftX 

0, 0>Rl£, 8£SF ET, ME S FETi»5i 
[0 0 4 8] Sfc, #Bfti!S?£f&lHlKfc:fcttS£lBl& 

fc*t>a*\, ±b2©f^^«. m©^mi^*J^Tfe 50 
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iwe&So 

[0 0 4 9] S£>£, ^SSItte^T^ ri^tti^ 

mmt%z*im&&&Zo Ltc^-ox. *$smmttm 
yemvftWMRfe s nfc>xr est l raw t s © 

[0 0 5 0] *aW©»2ga(HB«»«:ov^Ti!4HB 

-rs. s2^«s®HT*ii. jte^cisr-^oeaitf 

S^fc^S©gp^K:tt^-©^*^l>t"feO. WT[5| 

^t-rso 

[0052] H6»c^-r«ft*?B«H»a» ±$©0 

tf300nft^SMOSFET3 1, 3 2, 3 3?: 
OOp^^HMOSFET5 1. 5 2£ffl^T«# 

stu ^n?»*?iStx^^^34o<tt5Pffix^-v^5©§ 

sfe ^_^ m ^ x dat Atcaovr, ^n^n»$ 
n*«i«fcLfct»©T?fe*. ±iB©-fe/Hg^ 0 7© 

fc-fe ;!/ 25 S * W 5 V 9 1 , tMS^i^rsy^fc* 
^9J-rSfc*©M^T*36S. HfcWfcli. 0US.fcfT-* 

ELLtf, ^gPSS4HA^^^tlSt>©2:-rSo * 
fc\ 1 , fiftHS? 2 *5£ 3 yfV* 4 it. ±i& 

<Dm^&fc&^xmmLfrs><Dtmnx*&z<, 

[0 0 5 3]t»^7f3«t^ n^**rt/§! 
M0SFET3 1&, N0Ry-h6 3^&©ttl*M# 
h jg^ £ $ n, F V^ftfR^afF 2 © 

*y-Fffi?icS^n, y-*tf?tf«»«M ©B* 
Sffiotgi^ns. NORy-h6 3tn±. -rv^ 

6 1 K J:t>TRK«nfc-fe^ffl^C ELL tSfef 
-WXDAT At^A^^nTV^So Sfc, n^^ 
^.;l/§JMOSFET3 2l±. NOR^-h 6 2*»5©ffi 

FS?ta*$n, Fb^>^?*v-F 

N2 (3Vf>^ 4©uS?4 a) tcS^tl, V— Xi4 4 

?tf*«i3B l ©ffi*S? 1 o fcigl^nSo NOR 

E LLtr-^M^DAT At*i«X*StlTV^5. 
$F>tC, nft^iMOSFET3 3(i <<V*—9 

S&K?jbV-FNl (3yfy?4©tt?4b) KlfiffitiS 
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n v - ^tt? tfwws 1 ©mass? 1 o ts^s n 

5o ^ y/V _^ 6 , -fc;Wg^CELLtf;Uj2*l 

"Too 5 4] m&.^vi-5*mfct%. 

MOSFET5U1 >fS»<-*6 l fr6©W*M8*§tf 

Biin^n, h'W^V-KN i £8«snSo * 

fe pf + ^iMOSFET5 2H -t^CEL 

L ^y-hJ8?fc:X*«n, liSlffV D Dtf V-XSS 

So 

[0055] ±m<D£*>*m&<Dftxm?mm®&T* 

yWfc^T. rnyxy-y- 4 ©?c«;Wrb tu ^-Xh 

[0 0 5 6] HftM^i, @7l^-r*aiil. 

^-^^DATA^n^tlP-b^^^O. & 20 
g^.^^XDAT AftVM-l^v^&Sc, O-l^ 
;KD-fe^m^CELL(i, p^^HMOSFET5 

ofdi^i, nf^;HMOSFET3 36^pf 
^^iMOS FET5 l<DSy-hS?. Mt>*^^ N 

OR y_ h62> 6 3izzn?nmt>nz>o norv- 

F 6 2T?ti. ^y/^- *6 1 frB©m*f§ 4 t*5<fctff f - 

^m^D at k<Dmmm<D^j£t>mwzn, v-wi 

oi ^ n f t ^fMOS F E T 3 2 0y-HS?C 3C 

gP>ft3o N0Rf-F6 3m 

6 1 fr50tH*i^feJ:tf5fir-i'I§X DATA© 

;1/§JM0 S F E T 3 1 ©^— USS^CK&tlSo ffi-s 
T. pf^)HMOSFET5 2W(fnf+^S 
MOSFET3 3^nmVt*^ pf-^^S 
MOSFET51fciifnm;bSMOSFET3 
1 3 2tf*tl€n*7fcft«. ^££0. 06©$ 
^kwT^i^^. p^ + ^;VglM0S F ET 5 2, 
y_HN2, 3^4, 7— FN 1 . n?-^*/b§y 4 
M0SFET33, 1 ©IBK:^£©«*tf AMlT 

^ y_HN2©Sfl[Vai2)A^SKVDDfc&5o 
[0 0 5 7]^ ±|5©«t5*-fe^©i5»'f5y^1? 

©ffinaatf^fc* l^u 
mmw± Lx^ftmi- 2 ©ffi»ii:iB»*R^-r c t 

[0 0 5 81 -3!, x-^fe 1 ) C-b^rt) ©2^>^ 



£H 2001-144597 
14 

x-iffi^D A T Aff/U U"WC58ftfc4**&fc* 
[0 0 5 9] ^ftWfcti:, ■feWiKfc^TiBftfc&S* 

= t-*^d at A^n-u^i:* 

-t;HfCE L LJSitffilsf-i'SfXDATA 

SMO S F E T 5 2 /vf l^PO-feMI^C ELL 
*StfT*7kft9, p^^SMOSFET5 1 

« 6 i -esg^nftP-u^/i/oM^s 

UT*>fcft*- nf^HMOSFET33 
tfT*7tKr)^ n f-^MOSFET3_ZS, N 

ORy-h6 2fr£ ma f£tl uruwm^z&rt 

X*y£*K>, nm;HMOSFET3 1li, NO 

R^-h 6 3^5m**nsn-^;b©^*sitT 

(-gP(i^fcS^oTV^) , pft^/HMOSF 
ET5-K y-KNK 3^f>^4, /— FN2. n 
f-^-^iMO SFET32, Wffig 1 ©f©^-^©* 

jEtfiitnsidtfts. c©i#, 07©*st^t-«fc 

^{C, /-FN 2©«ftV(N2)fci\ VDD+|Vth(p) 

[0 0 6 0] Sfc. ^bttyc&^T^ft^&S^^ 
^Tftt, -fe;W8^C E L L^<tl>*X-^ff^D A T Atf 
WftWl^^ft^K S^x-^ff^XDATA 

F E T 5 2 ti. /vf l^/V©-fc;HI^ CELL £StfT 
l t7fcft^ pf^SMOSFET5 1li, 

-9 6 1 -eSfS^tifca-P^©M^S*tT*Vfc 

Sfe, nft^SMOSFET3 3H:, 
-2 6 1 TfS(E2nfco-^;K0^*S»T*7k 
ftt). nft*MMOSFET3 2tt, NORX-F 

nf-C*;ViMOSFET3 11t NORf-F6 

3 ma * ti s > w b^;u©^^tr * > t ft 

iMOSFET5 K 7 — FN K 3Vf>1f4, /- 
0 FN2. f§7 , 6«?2. nft^SMOSFET3 K 
1 ©WSt--S©«^* s Stti. tlfc /—FN 

2©«{uV(N2)^ft^?2lcfllibn^nT, 5B«i?2 

[0 0 6 1] ftfe, ±K©J:oft0B««^ 

imrn < jws ns rob. 1 o©-tr;b©s^^©*ft 

[0 0 6 2] t«?Llf, ^^x2tCOV^T©g^ra« 
50 SlitflOOmA, io©-b/b©M^^ffl^t"S^ 



(9) 



f^^SMOS F ET 5 2 ©LtlMit«EEVth(p)tf 

c 1^1 - t/av 

^ I • T/ (VDD + Vth(p)- 
^ 1 0 OmA • 3 n s/ (1 • 
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: n*Wf*Q, Sfi^iWAVtLt, Q = C1 
[0 0 6 3] 



-VLDD) 

8 + 0. 8-2. 



5) V 



[0064] ccoxoicmzmmmm^xmi. ^-x 

{± a 4 ^« U -tr;l>rt©2 ^ y ^« n ^ 

[oo6 5] ft*, S62£tt«areti, ^^7*-* 
■9- 4 teg* e,nfcm^ttm?tis j; 5 ft@»«iJSfc l 
jg-rsjifc^i-pt, mass*: 3 y^y^-^comn^M 

SM0SFET32OFW>«?^ lEl&lIffVDD 
tf9MinSnapf-+*^SMOSFET5 1, 5 2©« 

mmr^tXoK. nyr^4^gW§i:t%< 30 
nf^MMO S F E T 3 2 fr^WtfsM 1 t> 

rtica&sttii** D«v^«ieoji i^pj^kftSo 

[0 0 6 6] *58W©£3£MB^fcovvr§tiiB 
(DZJ^yfxn yy-'yifttim? 3 <fc ? ncnfflSM* 
z t>ML>rxi v tm^tmm lxwim)** * y?x^ 

yryWrntZZ? ML LfcHMfcTK-r a- 
[0 0 6 7] B9li, »3^SB&«K*;*»S»*a5^S 40 

-*<S^DATA^®Lfc*0.y*^CLK^gi$ 

^CELL, -r-^H^D AT Mo&X$%Mrr— £ff^i 
XDATAfc kgoVT, V * 3 fe«fc 



C L K ' Efi£oT««rrSfcfe, SESB87 Ife^^ 
xV-9-7 2£tttaLT»£^\ #ff$nfc«zi«F± 

[0 0 6 8] #H@B6 4 tt, it^f-g^n 
ft2^<0D7U"^7O»;^6 4a, 6 4 bf ^ffl^T 
DlJSSnSo D7'J>y7"7n7^6 4att ^SP*^# 

SiSSttSo D7V77°7ay7 , 6 4b[i, D7 

•J 7 77n776 4 a<Df-?«?*^^^^^ 

^7p 7 76 4 box-^m^ffl^^ttiTj^nsm 

WcLK' J:ft0. NANDy-h6 5itAWn 
S„ NANDy-b6 5Cli, ^y/^6 6«5 

nfc-b;i/M^cELLt»X7j^n-c^T, ^d-v^^ 

CLK' *J;tfRfcSnfc-fe>M§*tCELL©i&g£© 

s^tfsisstu ^Wp^^^mo s f e 

T 5 2©y-h^? ; fc±t>V>/^-^6 lkSienSo 
Sfc, -f 6-eRK2tlfc-fe;l/£^C ELLti 

[0 0 6 9] SSK3S7 1 tt, WS-tf. nyx^4©*g 
?4atS6WrS/-FN2i:. M?2©7/- 
FJfiHf ^tf SBHf 5 / - F N 3 t <Dm?\ /—FN 2^ 

fc, n yf>* 7 2ti. y — FN 3 kSWtfSffOHfcSi 

[0070] ±.m<D&?%m®.<D%m?mmmT' 

vVkfc^T, #jaS*lfc*n»y£(§*§C L K' jeflGV* 

a yfyt 4 fe«fctf3i y-f 7 2 ©7tm&%fc>*u 

V^Tt±> f-?<0^Wt»<3yfy^7 2<Dffl. 

[0 0 7 1] ftttttKli, Ml T-$ 
ftb -fe;l/fe^CELLfe 
j-^^jl^D a T A^tlfno-U^I/t* t), 
ISL4l«-^i^XD A T A 2)W l^;bi:ft 

comfit K.tot>t>?. ^@K6 4-e^S^ 
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[0 0 7 2] -b;W:fcvT^a7^i^CLK' 

CLK' fei^^-^6 6A^tH*Sn§M^ 
^©ff^NANDy-h6 5fC^en, iNAND^ 

F ET 5 2*3it>Vy^-^6 1 tCtii*^n?.o ^ L> 

^\^)imM0S F ET 5 l^tfnft^SMOS 
F ET 3 3^*Ve*n3te>n3o D-U"W©-f 10 

-^l^D A T A^ilf -fV^-? 6 6 TOJnfcA 
^U^/l/©M^tfNORY-h6 2K2ie>*u INOR 

S F ET 3 2(C}!P>n&= A^l/^KD£gf 

/^b^;l-CDfi#^NORy-h6 3{cM5>n, INO 
R y_ h 6 3 ^ e, i j p- l^;l/£K§^ n f - * *)imu 
OSFET3 ltc£P>*l3o ^T, pfv^SMO 
S F E T 5 2*>,fctf n^+*rt/§MMO S F E T 3 3tf* 
tlW>U pf^HMOSFETSlfc^n 2( 
f+^;l/iMOSFET3 1, 3 2 2)^*1^*1* 7f 
5„ c*Ui:«fc»K 0 9OS5BB^9iT*^-rJ:3C, p^^ 
^;HMOSFET5 2, /-FN 2. 3Vr^4 > 
y_ FNK nft^HMOS F ET 3 3, WMMl 

(omK-m^mm^nx^ y?y*t 4 (D^tmm^n 

So 

[0 0 7 3] Sfc, t^ny^CLK" tfa 
-l^/l^ftofc£££{4, NANDy-h6 5^A 
^U^;KD{B*ttftt}*i2*U ifr5«a- 
W*/l/©M*ftftB*£*Vt\ pf + ^;HMOSFET 3 
5 1^yU pft^SMOSFET 5 2fc<tr>* n 
f t*«0 S F E T 3 3«tlfnt7t5o * 
Tz, n^*;HMOSFET3 1, 3 2 li. yUy? 

p^*;HMOSFET51, >/-FNK 3> 
/-FN 2, SSKS7 K /-FN 3, 3V 
7 2 ©Wli:-«©«attf»*i* .J: 3 Eft So c © 
t % /-FN 2©MftV(N2)C4, ny-rVlMfcS*. 
BtitSitaoTVDD+ I Vth(p) I £T?#EE3 

*u ^LT, gaits 7 U3itf3yf^7 zJtnm.tf 
ffitizztx^yTyyi 2*^E««n«o 

[0 0 7 4]^, l (cfc^TiS? lfflSEE#© 

«ffFnyy<«8*"r*fc«>» p^^^7bgJMOSFE 
T 5 2 fcLTttLtl^fSSBEVth(p)tf&a©*?&ffl 
^SO^MiL<, COittfx L3H»ffiVth<p)*M 

$L<, LSHiSSffVthGOtfO. 3Vgg 
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mx&Zo ±sftD£o%;®&&&]tm^rd%^ mm 

EVDDfcl. SVttZt. /-KN30«ffiV(N3) 
14, *?|0. 7 (=1-0. 3) VJ£tt#WESftT»2. 

[oo7 5]±I2o±^lt, ■tjiw.cDzys.yffc 

fc^T ti^ ^ *ifc ^ n >y ^ fi^tc^o T n y r 

4, 7 2<D5tfi^T ; bn?.o ftfc\ c<Dt%. ny^y 

^4,72 ©TcStf^T T S sass i ^©matoatft 

ft < ft s c tKtt tmximftm? 2 * 

x^m%mi-2<mm^m^mit^^r^\ 
[0 0 7 6] —n. t^rto^'fsym, 

;UflD-t;WB^C E L L^^-^6 6tSKtlTD 
-U^C;l/fcftoTN ANDy-h6 5 lc2l6)*iSfcfe, 
gNANDy-b6 5A>5tt, ^D^f^CLK' (O 

ic <fc D , ^2 ^fifsmStc fctf § © * >T 5 y 7<om 

-ettmmzhx, P ft*/HMosFET5itf*y 

U p?-*iM/§!M0S F ET 5 2*5£tfn^*/l^ 
J M0SFET3 3«n?nt7t5i:J:yu f-^ 
f^DAT Afctl/Sfex-^m^X D A TA<Db^ 
|C{6CTnf^^SMOSFET3 2*5«fctf 3 1 X 

[0 0 7 7] HfttfjEte, x-*€W^l^;V(Dfc 
f?, nft*;HM0SFET3lA^>U n^** 
;l/SM 0SFET32^*7LT, 09 ©^»*9n?7* 
*±5tC 3>fy*7 2, /-FN 3, #M1?2, 
nf t*^SMO S F E T 3 1 , WMM 1 
WttfStlT, 2 tlfe / - F N 3 ©mffi V (N3)tf 8 

[0 0 7 8] Sfc, x-2€*§tfn-b^/l/©i:€K 
14. nf^*;HM0SFET3 2^*>U nf-+* 
;l/MM 0 S F E T 3 1 JfW? LT, 0 9 ©— 
T^-rt^i^ nyf^7 2, /-FN 3. n^ + * 
;l/MM OSFET32, Oftjg 1 «t 
*IT. ^^?2*^ttSSfcft*o 01 

a. mtm- 2 snseiwat i LD©g{t©«^ 

[0 0 7 9] ^cD<t5(c^3^SS^Jci;nti\ -fe/Ws 
40 *tc e l Lfc£i;T*/i^©*^s:/^&$JSrU %M 

Lfc*n<y*^CLK' CttoTnyfytOSI* 

ff 3 <t o k. l x t, . ^2 nwrnrnvm^ t mm%$}%* 

y-9-7 2^ltfcc:i:^ ^p-y ^fa^C L^K' tcfSU 

[0 0 8 0] ftfc\ ±Mbfc^3^]6l^-e{4, ^a-y 
^CLK @SS 6 4 LXX-^y 

50 a v tm^C L K«lS»iWWKffl»' , '5 C feRf^fe 
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[0 0 8 1] -fe;^CD^^5:y^tc*3^T. 1 

[0 0 8 2] Jjn^T, -fe/l/rt©*^ ^^fe-fcV-'T, a 

s * 5 fcgJST set ifi«t3^7 

&t>5, 01 2 0081^^ y-KN3»C««LT 
V^fc n 7^ *;l/^M 0SFET32OHW 
tg,tffVD DtfWttl^nS pft^iMO S F E T 
5 1,52 ^ttlgi^CSlt 5 «fc 9 L fc t, £>T*£> 

H°l 2 O-^^B^BJT^f <fc 5 K» nf+^SM 0 
SFET3 2frBliiHcWH©^&oT, *@ 20 

[0 0 8 31 #«W©£4^ra«fc^T§»fi 
[0 0 8 4] 01 3(i, ^4mMBWJ^^^^ 

mmmit. mfummvmi 2esl^3^wi 3c 

EovT, f-^ifDATA^ -t?;WB^CEL 
3^_£J$tb*P8£^tf. N0Rf-b6 2, 6 3*5<fc 

So 

[0 0 8 51014!! ^-*&mSiS8<Dj|{*W£|5lS& 

tBgP8 ti. 800D7'Jy^70f^Fl~F8^ft 
SS/7hVS?X*8 1 fc, *D7'Jy7 , 7ny7 , Fl~ 4 

Dy-h82fc, ^NANDy-h8 2®tfi;*Mi*i£T 
-*A7J£ LTr-^^Hi^D ATA-DE TSrtitfJ 
f5D7Uv^70f7 , 8 3i%*1-5. 
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[0 0 8 6] i/7H/^8 10«D7 , Jf7'70'V 
7F1-F8W:, ^D77f?CLK^D^A« 
^^n^nXTJ^nSo $g<DD 7^7*70^7^ 

Hi, A*f-^DATA-IN^f-^» 

XQ^N ANDy-h 8 2 (DA*^?^^* 1 ^ 2 
ga^PI©#D7U-y7*7D^7*F 2~F 8 l±, KD£ 
5 D 7 U v 7°7 a >y 7<Dx- 9 tti*^? Q r- * A* 

x q # n a n d y- h 8 2 o A**? k znznmmz 

tl*. fcfc. CdT'ti, 5SiOD7U-y7 , 7D>y7F 

ATA *5 itfRey-^m^X D A T A t LT^D tB2 
n, 01 3K:f.Lfen^^MOS FET3 1 fc<fc 
tf 3 20&y-hSS?£2tenS«>©i: - rS.. 
[0 0 8 7] NANDy-F-82li, ^D7'J^7D 
y 7 F 1 ~ F 8 OSIsf- * mftOtftafcOSSfciM* 
LT. KWBS»4Stif*D7U-y7'7Dy7"8 3 
(Dy-^A^?DtC^So D7U7770778 3 
l±, ^n»y^m^CLKA^a-y^A7J4S^A7J5n 

f-^ tBM?D^P»f-?tHii^D A T A - D E T 
SrtH^-TS. C<Dy-^^mm^DATA-DET*\ 
HI 3lC^LfcNANDy— h6 5(c265n*o 
NANDy-h6 5Kltt, *33IJBBi6©#£fcH« 
fc, ^J9@E&6 4T~£BSftfc*n'y*M^CLK- * s 

[0 0 8 8] Cdlf. ±Er-*«W*8©ttfflCO^ 

i twenty x-^^msps-eii. 01 5c*f 
>c i^wc^cs 4 e>y his^ y-^^m€^y- 

T A CD D- 8 t? -v h W±^fef S V s " 

^DATA cDltiDA^ l^;W£© 4 e <y h HICO 

n ^nso 

[0 0 8 9] ^{*WKtt, S/7h 1^**8 1^0X73 
.^—^{g^D AT A- I Nft\ a— U"^;l/^7r;-r roj 

[0 0 9 0] 
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20 



[0 0 9 1] Si <£D, ^7hW*X?8 1 Uot5 

\£y hftmmmnrc\jj7 t -i*m^v ata-in 
f-^DATA^ roj 5 r i j icgftf^e 

•yhM^ f-^mi^DATA-DET«< T 0 J A> 

e, nj icgfcu f-^ifDATAtf rij 

TOJ tc^tb/c4t£-y M£fc. f-^tHf^DAT 

a-det# ru roj ^{t-rs^tffcfr 

[0 0 9 2] £©,k5U:T-**mHSP8?£tfSnS:r 
-^^tti-fi^DATA-DETti, ir-^fl^DATA 
© r 1 J ^tULT^-rt'^i:^^^ f-?I^DA 
TAO TOJ Ji^ttttlbTD---^^fcftSOT?> ± : 
a©»3^SBB«T?fflV^-feA/m^C E L UcffiHSfS 

©■^-^fttfHg^DAT A-DETtf, NAND^-h 
6 sicken. ^3^^©*^^^-^^ 

[0 0 9 3] ±ie<D«fc^^4^flSJ^ST^i, x-^fi 

fHf.i'.j D ATA-DE T^4fi!fr%<fc b/cd i:T% 
-fe/Wf^tC E L L^^n^^r^feoTfe. 

[0 0 9 4] ftfe. ±3$Lfc3!4^fi6JBflgT*l±, r2>* 
[0 0 9 5] 01 6tt, T^n^tBlgS^fflbTT-^ 



^tBSi58' Tftt, A*f-?i§DATA-IN^20 
OD7'j7^70«^f 1. f 2tCi;oTaE^nT, 
, f-irff D A T AfeitfSKf-i'I^XD A T Atf 
£fiJc£n3o £fc> MOS F ET 8 4 a~8 4 f , *?5H 
g85a, 8 5b. -ry^-^8 6*3J:t?nyyy-9-8 
7Tf*jRSftS7-J-n?|s|S8li:<J:D. X^v-^WD 
A T A - I NSICr-^KWlffD ATA-DETtf 

[0 0 9 6] d<D7"*-n^|s!88tt, pft^iMOS 
F E T 8 4 a , 8 4 bfeitfnf t*;HM0 S F E T 
84c, 8 4 d *\ m^«EE4i?i:S«?©Bat-lfi^ 
(Cgi^n^o pft^iMOSFET8 4bfeJ:tf 
,0 n ^ t*;VSM 0 S F E T 8 4 c 

-ttjtfftHlS nfcra >fV1f 8 7 OflSSaflSKS tlS fc 

8 6 ©W*e^fi«"r-^*IBOTD A T A - D 

pf ^^;HM0 S F E T 8 4 e feilff SI I 1 
ffi£8 5 a, Mtfte. SffitSl 2<DS3JRS8 5bfei(f 
nf+^;HMOSFET8 4 f tf^tl^ftg^Sftt 
t^S. Mffifil 2 SiftS* I l-fcDfc+tffc** 

VfcCfc-rS- pft^VSMOSFET8 4eti, ^ 

pf+^;l/iMOS FET84 a<?)f-bS?EilS 

;HMOSFET8 4 ft,, y-h-Fl/^SW 

J&jJcl/tVS. 

[0097] ±ia©<fc 5 ftftdEox-^ttwas s • t* 

X^x-^M^D A T A- I Ntf n-WWDfc 
p f + ^;l/SMO S F E T 8 4 a 3 >f 8 

so iVmxfm i i «nt3>fy^ s 7 *fifemsn 



(13) 



5„ -H. A^r-^f^DATA-INAWl/^ 

^l/SM0SFET8 4d^Ltft^tl5. Lfctf 
oT ^^^jUf f D A T A-D E TOU^tt. >f 

8 7Ci*jt6nfc«Hfti:jSi;T«I»)«t>*J:5»!:4S. 
[0 0 9 8] JMW^ 0J*tf, «SS I 1 1 0 0 M 

30pF, ^y/'i-^seoL^i/^iK^o. 9 VI? 
[0 0 9 9] 01 7©±a^-TJ:5K:o-W^;V©A 
Y^SMOSFET8 4bi5C*y> nft»0 

sfets 4 cjtra-^fcfto-tvaoT?. p^^A^ 

MOSFET8 4 a^bT#t|8$n?.^I 1 £<t^ 
t3 yfyt 8 7 )b^lSnSOT\ 3>T^ 8 7 
g^1-S/-HN4 0SfeVCN4){4, 0l7cD3g@tC 
^J: 5 fc«gttffiVDD d©t6*. 

T 1 =C • AV/I 

= 3 0 pF • (1 . 8-0 
±WI^ 1 ^ 4 3 n s<Dl 5 6M 

[0 10 2] A^ffDATA- I NtfP-l^ 
;l/fcft*fc, p^*;HMOSFET8 4bWy> 
n ft^HMOSFET8 4 ctf*7fc450Tf, / 
-FN 4©*flEV0M)ttStf±»t!6**^ >f 
2 8 efDL^^ffiSE^e^^HU^A^x-^^D A 
T A- 1 NtfM^Cft*^' ±3$L7ci:^"t-<: 
tC^b^KC^T. r-*8MHIMIDATA-DE*30 
T 2 = C • AV/I 

= 30pF- (0. 9-0) V/100/iA 
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@i 7 ©TKfc^"*" i^co-b^vox-^tHfS^ 
DAT A-DETtfffi^SW. 
[0 10 0] #IC, X*r-^M^D A T A- I Nfl^ 
JV^M'Mk. p^«MOSFET8 4btf 
*7 n^^SM0SFET8 4ctftyi:45O 
-e 3yf^8 7^nft^SM0SFET8 4 

<T 8 4 dtisaipoTW* i 2 tfanr, ^vf^s 

7 0««fffTto*lSo cnK:J:Dy-HN40SteV(N 

o 4)tt»TbK«!^wc®o^*. f-^asi^DA 

TA-DETttA^W/HilgtS. d£)-r-*1£Hifa 
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